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SNe la Hosts Outline

® SNe la basics and cosmology

® Using host information to improve
efficiency .-

® Targeting hosts to minimize dust

® Checking host correlations for systematics .

® Pinpointing the physics of host : '
correlations
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SNe la basics

® Type la SNe are the
thermonuclear disruption of
white dwarf stars near the
Chandrasekhar limit
~|.4Mo.

® The SN la light curve is
powered by the decay of
*%Ni created in explosion.

® SNe la vary in peak
brightness by ~0.4
magnitudes.

® Progenitor composition or
age could be important.
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SN la calibration |01

® Distance modulus parameterization (SALT2 (Guy et al. 201 I)):
uw=mp— Mp+ axry — Bc
® (:parameterizes the light curve shape (x)) -- brightness relation

® [:parameterizes the SN color (c) -- brightness relation
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SN la Compilation
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Early-type galaxies do not host core collapse SNe

Hakobyan et al. (2008) Suh et al. (201 1)

Core collapse SNe with host
classifications:

~1000 T Iamanaans . . Anaae.

Hosts classified as early-types: 22
I
. . >
Hosts still classified as early-type 3 > SRR
after reclassification: R
3E e Comparison ETGs . - Lo e i E
- SN la host ETGs 9. : ]
N - SN Ib host ETGs : =
Early-type hosts remaining after 9 JE 2N U host ET6s » o E
throwing out SN 2005md: S I I I E
—24 —25 —22 —21
Mr

Early-type hosts of core collapse SNe
occupy a different region of the NUV -
optical color-magnitude diagram than early-
type hosts of SNe la.

These 2 remaining SNe are both members of
a peculiar subclass of faint “Ca-rich” SNe Ib
which are typically 4 mag fainter than SNe la.
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HST Cluster SN Survey

® C(Clusters are rich in early-type galaxies

® 219 orbits in ACS i77s, zss0, and NICMOS |0
® 25 clusters (0.9 <z < |.5),about 8 epochs each

® Over 350 spectroscopically confirmed cluster members

RCS2 J151104+0903.3
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SNe from HST Cluster SN Survey
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Direct estimate of relative rates of SNe la and

SNe CC
Galaxy SN la rate Galaxy SN CC rate
RSNIa = AM + BM RSNCC’ — CM
Sullivan et al. (2006) Bazin et al. (2009)

Hopkins and Beacom (2006)

® i775, 850 == Host mass
* [Oll] luminosity => star-formation rate

e LOSS luminosity functions (Li et al. 201 |) => visible fraction
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Typing by host results

TABLE 2
A PRIORI RATE ESTIMATES FOR EARLY-TYPE SCP SN HOST GALAXIES
Name log(Mass) median SFR medianRgy . ® medianRsy . ¢ P(CC) Notes
Moyr~ 10‘3yr‘% 107 3yr—1

SN SCP05D0 10.9 1.93 047 ( 12.44) 311 ( 4.51) 0.13 s,L
SN SCP0O5D6 114 9.26 0.84 ( 59.57) 920 (17.35) 0.08 L
SN SCP06A4 10.7 1.04 0.13 ( 6.70) 1.79 ( 2.87) 0.06 L
SN SCP06CO 11.2 7.99 1.51 ( 51.37) 8.13 (12.13) 0.15 L
SN SCP06G4 11.2 0.42 003 ( 2.71) 478 (. 9.27) <0.01 s,L
SN SCPO6H5 11.6 1.16 0.15 ( 746) 1242 (21.32) 0.01 L
SN SCP06KO0 114 1.18 009 ( 7.57) 509 (14.86) 0.02 L
SN SCP06K 18 11.8 0.61 005 ( 392) 11.14 (32.58) <0.01

SN SCPO6R12 10.4 0.07 <001 ( 044 0.81 ( 1.38) 0.01 L
SN SCP0O6U4 11.1 27.01 6.87 (173.73) 1194 (17.90) 0.36 s,L

4 Rates in parentheses are intrinsic quantities. Rates not in parentheses are apparent and factor in SN detectability.
5 Spectroscopically confirmed SN Ia.

L Light curve shape, color and magnitude consistent with Type Ia (Barbary et al. 2010).

Meyers et al. (submitted)

® Seven of ten z > 0.9 early-type hosted SNe have P(CC) < 10%
® Two of remaining three SNe were spectroscopically confirmed as Type la.

® Even stronger constraints once full light curves are considered (Barbary et al. 2010)
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SN color-magnitude relation slope depends on host

BERERARRRERRS REEERRRRE REBEERRRE BEBERRRERRRERRRRREEN RN
: Low-sSFR hosts  SiFTO :
e High-sSFR hosts . ® The slope B ~25
1.0
] ¢ MW dust Rg =41
@) I e e
o - ® Part of relation is intrinsic
é 05"
Lo | ® fis larger for High-sSFR
! - hosts
€ o0- .
! ® <[> may evolve with
- redshift
0.5~ ® |solate intrinsic part of B by
] identifying dust-free hosts
0.2 -0.1 0.0 0.1 0.2 0.3 0.4
SN Colour (¢) Sullivan et al. 2010
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Early-type galaxies criteria

® Morphology: use quantitative morphology parameters
® Photometry: characterize the red sequence
® Spectroscopy: look for signs of star-formation

® We can also apply these criteria to field SN hosts from the GOODS
surveys, which used similar iz7s and zgso exposures.

INPA talk (LBNL) June, 10,201 | 16

Tuesday, July 26, 2011



Use GALFIT to measure galaxy magnitudes and
colors

® Simultaneously fit Sersic profiles to really close neighbors
® Mask out sorta close neighbors

® Measure zgs0, Re and generate interloper subtracted images

: Interloper
Image Model Residual P
subtraction
L L
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Quantitative Morphology

® The Gini coefficient measures the inequality of a distribution; G=0 is
communism, G=1 is monarchy

® Asymmetry index measures the self-similarity of galaxies under 180-degree
rotation.

S¢E/Sd S0/ a E

G=0.331 A=0.108 G=0.4250 A=0.0/5 G=0.2515 A=0.057/

INPA talk (LBNL) June, 10,201 | 18

Tuesday, July 26, 2011




Choosing morphology cuts to enhance the red sequence
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Choosing morphology cuts to enhance the red sequence
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[Oll] quiet galaxies are morphologically early-type

Meyers et al. (submitted)

Asymmetry cut
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® [OIll] quiet means the equivalent width is greater than -5A.
® [OIll] emitter means the equivalent width is less than -5A.
® Only 9% of red, [Oll]-emitting galaxies show star-forming line ratios
(Yan et al. 2006)
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Meyers et al. (submitted) Asymmetry cut

0.00 0.05 0.10 0.15 0.20
060~ T T T T T T T T T ] 1o — — 1 T T T L L
i [OII] emitter m -
055F J emitter . [OII] emitter
; .”'ihn J + + 0T }
0.50 [ | ﬁ Ilu “‘ﬁ Tl ] § i
- i gL + + ] gt
8 ol it 2F ] & 0.6} -
5 0451 [ e o . e
£ I h B Ly ] S
S * : -
i | : - g |
2 040 " % ] =
= - ] £ 04
5 + AR &
- : E
035F - SHE
: ] 02+
0.30 - Bl . -
0.25:....L....|....|....|....|....: 0.0----I....I........I....I....
-0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.55 0.50 0.45 0.40 0.35 0.30 0.25
Asymmetry Gini cut
® [OIll] quiet means the equivalent width is greater than -5A.
® [OIll] emitter means the equivalent width is less than -5A.
® Only 9% of red, [Oll]-emitting galaxies show star-forming line ratios
(Yan et al. 2006)
INPA talk (LBNL) June, 10,201 | 20

Tuesday, July 26, 2011



SCP SN Host Spectroscopy
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Compare field host photometry with composite red sequence

Use information from all L6 AR AR AR R ]
spectroscopically confirmed red- tacgst rodshift = 1200
sequence members to form a 14+ galaxy evolution i
composite red sequence: I ]
12F .
- fit Bruzual and Charlot 2003 ! |
single stellar population K I 0.050 ]
model 10 0000 ‘_
B ! 0.008 ]
- assume Zsorm = 3.0 081 0004 i
- k-correction !
0.6 =
- evolution correction - 1
040000, Ly L, et in, et ininn, |
21 22 23 24 25 26
Zgs()
py — Myt BCO3\(T(2), 2, 2)
Mg Dy (2)?
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The Composite Red Sequence

® Assign a Gaussian
weight to k+e corrected
galaxies:

< — Ztar 2
w X exp <_( 207515%) )

® Plot symbol size is
proportional to the
weight
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The Composite Red Sequence

® Assign a Gaussian
weight to k+e corrected
galaxies:

(Z T Zta/rg)Q

w X eXp | — 20152

® Plot symbol size is
proportional to the
weight
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Field early-type hosts are similar to cluster early-type hosts

_'I""""'I""""'I""""'I"'"""'I"''_"'I"'I"'I"'I"'IIII
04 -
! Cluster Early-Type Hest ) :
021 2
E B
8 _
Y, _
0 02
: L
O
3 ,
g _
@A 04
- c
O _
a'% o
0.6
0.8
I .
_1.0 P I T T N N T T T M T U S S N B Y B 1 i | i i I Y
-3 -2 -1 0 1
m’ residual Meyers et al. (submitted)
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Dust Constraints: Age-scatter model (Bower et al. 1992, van Dokkum & Franx 2001)

stars form
here

time

1.5
Gyr

T

INPA talk (LBNL) June, 10,201 |
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Age, metallicity, and dust all
affect galaxy color

Metallicity is responsible for
the slope of the red
sequence.

Model: differences in age
produce scatter.

Galaxies form in d-function
starbursts uniformly
distributed between (to,tend)
with tend < tz, the age of the
universe at the cluster
redshift.

tz - tend is set to |.5 Gyr to
allow time for
morphological evolution

Tuesday, July 26, 2011



Many clusters have small scatter

0.14 : SN host cluster 1
0.12 -
! . ® Clusters with scatter
0.10F - . smaller than the model
' ' are unlikely to be
reddened.

® Rough estimate for
clusters which hosted
SNe is that dust-
attributable scatter is less
than 0.0 magnitudes.

red—sequence scatter

09 10 11 12 13 14 15
redshift

Meyers et al. (submitted)
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Differences in scatter and intercept are not consistent with dust

0.06 -
i dust ]
0.04 H - ® Dust, if present, should
P / : increase both the intrinsic
0.02 - I - scatter and intercept of
% » | : red sequences.
= 000 T R & T -
= l * I ® |look at cluster pairs with
a -002F ! b |Az] < 0.02
1 s ]
0045 ] ® |ncreased scatter is not
T 1 correlated with a redder
—006E ] intercept.
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
A scatter
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Dust emission in Spitzer 24 Um images

"t
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Dust emission in Spitzer 24 Um images

»
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No dust detected in isolated red-sequence galaxies

® Seven clusters have 24 um Spitzer MIPS images

® |solated red-sequence members are below the MIPS detection limit (red

histogram)
MIPS beam size: 5.5"
15 T ' I ' I ' ' ' I ' I
- ACS dusty -
5 1O S 7
> F g MIPS 5o detection limit e .
3 ]
E ; <— less dust i
S more dust — -
- —_Tl_ |
] rm :
ON0) _._ L | | __I_:_I—I_L:_I_-—'_‘—I_._._._._rl—l_l—'_'_Ll_l—. . N e S N N — [ B P : :
0 200 400 600 800 1000
MIPS 24pum flux
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Outline

® SN la basics and cosmology 3

® Using host information to improve '
efficiency | ;

® Targeting hosts to minimize dust

® Pinpointing the physics of host
correlations
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HST Cluster SN Survey Hosts

Late-type hosts

’ .

SCPO6F12 SCP06G3 SCPO6N33 SCPOSPI SCP06X26 SCPO6E2
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HST Cluster SN Survey Hosts

Late-type hosts

’ .

SCPO6F12 SCP06G3 SCPO6N33 SCPOSPI SCP06X26 SCPO6E2

' ‘ '
| .

SCP06A4 SCP06CO0 SCPO5D6 SCP06G4
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HST Cluster SN Survey Hosts

Late-type hosts

_ -
1 t
‘ -
SCPO6FI2 SCP06G3 SCPO6N33 SCPO5PI SCP06X26 SCPO6E 12
Field early-type hosts
- ’ .
SCP06A4 SCP06CO SCP0O5Dé6 N e er
Cluster early-type hosts
” . . N :
. "
SCPO5DO0 SCPO6H5 & SCP06KO0 SCP06K 18 SCPO6R |2 SCP06U4
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Late-type hosts

SN2003aj

»

HST04Omb

L
SN2002dd SN2002fw SN2002fx SN2002ki SN2003eb
. - _ .
SN2003ak SN2003dy HSTO4Eag HST04Mcg HSTO04Pat
" .
HSTOS5Fer HSTO05Gab HSTO5Koe HSTO5Red HSTOS5Str
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Late-type hosts

L

SN2002dd SN2002fw SN2002fx SN2002ki SN2003eb SN20033j

. - : . r
SN2003ak SN2003dy HSTO4Eag HST04Mcg HSTO04Pat HST04Omb

" . .
HSTOS5Fer HSTO05Gab HSTO5Koe HSTO5Red HSTOS5Str SN2002hp

' . L ] -
- . - .
o
SN2003az SN2003es SN2003XX HSTO04Sas HSTO04Tha HSTOS5Lan
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Stretch correlation with host exists at z > 0.9
SNLS 1st year SN stretch

20F -
- Star forming host 7
- B
o 15 —
14 _
—g _
2 10:— -
> :_ | — _:
. ] Kolmogorov Smirnov - probabilities
OC e . ... = )
0.6 0.7 0.8 0.9Str t h1.0 1.1 1.2 1.3 7>09FTGtoz>09LTG: < |%
e Sullivan et al. (2006)
z > 0.9 ETG to SNLS passive: 92%
....................... z>098Nstretch 7> 0.9LTG to SNLS star-forming: 63%
g _
- Late—type host
g oF ;
§ i
z 4r §
2F ]
ot
0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3
Stretch ,
Meyers et al. (submitted)
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Corrected Hubble residuals depend on host mass

1 T T T
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Brighter SNe in more massive
galaxies.

Brighter SNe in passive galaxies.

Early-type host masses from iz7s
and zgso photometry

Late-type host masses from
Thomson and Chary (201 1).

Host galaxy demographic shift
must be accounted for.



SN la calibration 102

® Distance modulus parameterization (Suzuki et al. 201 |):
up=mp— M+ axy — Pc+ 6 P (M < Mgpit)

®  (:parameterizes the light curve shape -- brightness relation

® [:parameterizes the SN color -- brightness relation

® O:parameterizes the host-mass -- brightness relation

1.0 2 L e e ] 10— [ R ]

Lok ] S 1 %

0.5 r ] s 05rF —
=00 R 2 00} I s =S TR ‘
s S oo . ~ % ) SR
< < C ] = bl 1

0.5 - osh ] 2 05 ! -

I ‘ i ] Late—Tyiae Host
-10L S B AP SO B S -0 ] 100 ]
-2 0 2 -04 -0.2 0.0 0.2 04 0.6 8 9 10 11 12
light curve shape: x, color log M
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SN la Compilation

46

e

“ ML

arsely populated at z > |
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SN la Compilation
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Outline

® SN la basics and cosmology

® Using host information to improve
efficiency

® Targeting hosts to minimize dust /

/

/
® Checking host correlations for systematics /

® Pinpointing the physics of host | -
correlations
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Luminosity trend consistent with theory

\ 0.3Z,

I =2 | ® ' '
qesL TN 302, Slmulatlons of C/O.
! \\i\ | white dwarf explosions
P are consistent with the

i \\\ e | broader-brighter
-19.0 - \\ A i relation.

. The trace abundances of
] \\ \ elements other than
_185 carbon/oxygen produces
\ | - an effect consistent with
| the host-mass -- Hubble
N\ he h Hubbl

. T T R ST N residual relation.
0.8 1.0 1.2 1.4 1.6

Peak B-band magntitude
o

Kasen et al. (2009)
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What is the underlying physics of host-galaxy -- SN correlations?

® Use signal-to-noise ratio 100/A Keck spectra of SN hosts to answer this.
® Measure absorption line indices.

® |[nfer age, metallicity, and other element abundances.

SNF20080614-010

()
-
[

Flux

Wavelength

INPA talk (LBNL) June, 10,201 | 40

Tuesday, July 26, 2011



What is the underlying physics of host-galaxy -- SN correlations?

® Use signal-to-noise ratio 100/A Keck spectra of SN hosts to answer this.
® Measure absorption line indices.

® |[nfer age, metallicity, and other element abundances.

SNF20080614-010

50

Wavelength
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Preliminary results from SNR 100 data

............... YOlunge|||01|der|
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® Are early-type SN hosts younger than typical early-type galaxies!?
® Could old early-type galaxies host SNe la with smaller dispersion?

® Do higher metallicity hosts produce brighter corrected SNe la?
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Conclusions

® C(Cluster early-type hosted SNe are Type la and relatively free
of dust.

® The host galaxy type -- SN la stretch relation exists at high
redshift

® The host galaxy stellar mass -- SN la Hubble residual relation
is consistent with high-redshift observations.

® We are working to pinpoint the underlying physics of SN la
-- host galaxy correlations.
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